Objectives: The objective of this study was to compare growth, morbidity incidence and risk factors for undernutrition between infants receiving complementary feeding early, before 3 months of age, with those receiving complementary foods after 3 months in a poor rural Malawian community. Methods: A cohort of babies was enrolled at birth for follow-up to 12 months of age. Weight, length, morbidity and feeding patterns were recorded at 4 weekly intervals from birth to 52 weeks. Results: Mean age at introduction of water was 2.5 months (range 0-11.8), complementary foods 3.4 months (range, 1.0-10.7) and solids 4.5 months (range 1.2-13.8). Over 40% of infants had received complementary foods by 2 months and 65% by 3 months. The proportion of exclusively breast-fed infants, which included those receiving supplemental water, was 13% at 4 months, 6.3% at 5 months and 1.5% at 6 months. Infants with early complementary feeding had lower weight for age at 3 and 6 months (Po0.05), and at 9 months (P ¼ 0.07) and at 2 months they were approximately 200 g lighter. Early complementary feeding was significantly associated with increased risk for respiratory infection (Po0.05), and marginally increased risk for eye infection and episodes of malaria. Maternal illiteracy was associated with early complementary feeding (OR ¼ 2.1, 95% CI 1.3, 3.2), while later complementary feeding was associated with reduced infant morbidity and improved growth. Conclusion: Breast-feeding promotion programmes should target illiterate women. Greater emphasis is required to improve complementary feeding practices.
Introduction
Policy formulation on appropriate breastfeeding practices and duration of exclusive breastfeeding is based on knowledge of the relationship between breastfeeding, morbidity and growth in infancy. The recommended period of exclusive breastfeeding is 6 months (World Health Organisation, 2001 ). In developing countries infants from birth to 5 months of age who are not breastfed are five and seven times more likely to die from diarrhoea and pneumonia, respectively (Victora et al., 1989) . Nonexclusively breastfed infants of the same age are about twice as likely to die from diarrhoea or pneumonia (Arifeen et al., 2001) . It has been estimated that breastfeeding could reduce under-five deaths by as much as 13% (Jones et al., 2003) .
Conversely, prolonged breastfeeding can be detrimental by reducing consumption of complementary foods (Brakohiapa et al., 1988; Tangermann et al., 1988) , although this conclusion has been challenged (Marquis et al., 1997) . It may also increase the risk of micronutrient deficiency as human milk has low concentrations of iron and zinc (Brown et al., 1998) . Breastfeeding prolongs the period of exposure to the HIV virus in babies of HIV infected mothers (Miotti et al., 1999) and early introduction of complementary foods, including water, has been associated with increased morbidity from diarrhoeal disease (Popkin et al., 1990) , linear growth faltering (Caulfied et al., 1996) and increased risk of mother to child HIV transmission (Coutsoudis et al., 2001) .
In Malawi infection rates in the first year of life are considered high and are associated with significant postneonatal mortality , and there are low rates of exclusive breastfeeding. It is unclear the extent to which the time of complementary feeding influences infectious morbidity and growth in this population.
The aim of the present analysis was to determine morbidity incidence and growth patterns in a cohort of Malawian infants in relation to time of introduction of complementary foods.
Methods

Study area
This study was undertaken in Chikwawa District, in the lower shire valley, south of Malawi. This is a rural area where malaria transmission is endemic. The estimated infant mortality rate in this District was 174 compared to a national average of 159 deaths per 1000 live births (National Statistical Office (NSO), 1987). The average rainfall in the study period was 520 mm/year of which 88% fell in the months of November-March (Sugar Co-operation of Malawi (SUCOMA), 1993 (SUCOMA), -1994 . Small-scale agriculture of maize, sorghum, cotton and sugar cane are the primary sources of food and income. The estimated population size was 316 733 of which 68 998 were women of child bearing age . The study was located in the two hospitals in the District, Chikwawa District Hospital (CDH), a government hospital with free services and Montfort Hospital (MH), 30 km away, which is a fee-paying mission hospital.
Enrolment and anthropometry
All women attending the antenatal facilities at CDH or MH between March 1993 and June 1994 were screened at their first antenatal visit after verbal consent was obtained. A questionnaire, completed by a project nurse, included information on age and obstetric history. If age was uncertain, women were classified as either adolescent or adult. Literacy status was assessed by asking the participants to read a simple sentence in the local language. Gestational age at booking was assessed manually by a hospital midwife. Height, in bare feet and with no head cover, was measured to the nearest centimetre using a Minimeter (Cox, 1992) . Weight was estimated in bare feet to the nearest kilogram using a SECA scale, clothing was light. Mid-upper-arm circumference (MUAC) was measured on the right arm, hanging loosely, with a tape measure and recorded to the nearest 0.1 cm.
Delivery
Information on delivery was collected only from women who attended for delivery at CDH or MH. The baby was weighed immediately after birth on a Salter scale to the nearest 10 g and was examined for gestational age between 6 and 24 h later using a modified Ballard method (Verhoeff et al., 1997) .
Infant follow-up
To allow for seasonal factors, enrolment occurred over a 1-year period. Mothers were asked to return to the hospital with their child at 4-weekly intervals and visits were integrated with the immunisation schedule, consequently the first scheduled visit was at 6 weeks of life. An active surveillance system was in place to enhance follow-up for non-attendees. Data was also collected when the child was brought to a healthy facility with an intercurrent illness at unscheduled visits. If this visit was at a facility outside the study area, data was extracted from the child's under-5 health record on the clinical officer's diagnoses. At every visit, scheduled or unscheduled, at the study hospitals, research nurses completed a questionnaire with standardised questions on feeding history and on cough, eye discharge, diarrhoea and malaria. Symptom severity was not taken into account and persistent diarrhoea was not distinguished from acute diarrhoea. In addition, a basic clinical examination was performed including axillary temperature and respiratory rate. Infants presenting with an illness were treated according to Malawi standard management guidelines (Phillips et al., 1998) . At each scheduled visit, weight in kilograms, using a Salter scale (nearest 100 g), and length in centimetres using a flat measuring mat (nearest mm) (Child Health Foundation, UK) were recorded for each child. Duplicate measurements were only undertaken if the child was unco-operative. Nurses were trained and used a standardised technique.
Definitions
Complementary feeding was the time of introduction of a local porridge called phala. Early complementary feeding refers to introduction of phala before 3 months of age and later complementary feed as after that age. Exclusive breastfeeding was defined as the non-use of complementary food but not water. The use of the term 'solids' refers to any vegetable, staple or fruit added to the diet, in addition to Phala. Teas or broths were included in the intake category defined as water. Morbidity incidence was calculated from specific disease episodes reported by the child's mother at scheduled or unscheduled visits and which were classified by research staff. Clinical diagnoses were made by Clinical Officers or Medical Assistants attached to health facilities. Reference growth curves were the CDC 2000 data set with combined sex values (Kuczmarski et al., 2002) . Underweight was defined as weight-for-age p-2s.d., stunting as length-for-age p-2s.d., thinness as weight-for-length p-2s.d. (World Health Organisation, 1995) and low birthweight (LBW) as o2500 g.
Analysis
The sample size for this study was initially estimated to examine the effect of low birthweight and fetal anaemia on haemoglobin patterns in infancy (Le Cessie et al., 2002) . In the present analysis, to detect a two-fold increased risk of low weight for age associated with early complementary feeding, at a 95% confidence level with 80% power, 165 children would be required who received early complementary feeding and 165 with late feeding, assuming a 60% prevalence in infants with low weight for age at 12 months amongst those with early complementary feeding. For univariate analyses the factors considered were: season of birth, low birthweight, preterm delivery, number of antenatal visits, adolescent age, maternal literacy, parity, marital status, weight and height at recruitment, body mass index and mid-upper arm circumference. Growth curves were drawn in Excel using smoothed percentile standards derived by the LMS program version 1.16 (2000) (Cole, 1990) . The s.d. scores were calculated using the EPI info 2002, nutrition program, which uses the CDC 2000 reference as the standard.
Ethical approval
The study was granted ethical approval by the Malawi College of Medicine Research and Ethics Committee (COM-REC).
Results
A total of 561 infants were recruited and of these 494 had at least one follow-up visit. Information on weaning practices was available for 458 infants who attended for follow-up. The average number of scheduled visits was 7 per child. Of infants in the study sample, 281 (50.1%) were male, 142 (25.3%) preterm, 182 (32.4%) LBW, 281 (50.1%) were born in the rainy season and 196 (42.8%) received complementary foods before or by 3 months of age.
At recruitment, there were no significant differences in mean age, weight, height or MUAC between mothers who weaned their infants early or late. Similarly, there were no significant differences in gestational age (GA), mean birthweight (BW) or LBW prevalence between infants receiving complementary foods early or late (Table 1) . At 2 months of age, 43% of infants had received complementary feeding and by 3 months 65% (Table 2 ).
All mother-infant pairs recruited were breastfeeding. Mean age for introduction of complementary food was 3.4 months (range 1-10.7 months; s.d. 1.4 months), and the mean age for introduction of solids was 4.5 months (range 1.2-13.8 months; s.d. 1.8 months). The mean age for introduction of water supplements was 2.5 months (s.d. ¼ 1.5), (range 0-11.8). Early complementary feeding with phala correlated with early feeding (o3 months of age) with other solids (r ¼ 0.45, P ¼ 0.01). A total of 61 infants (13.3%) were exclusively breast-fed to 4 months, 29 (6.3%) to 5 months and 7 (1.5%) to 6 months. Breastfeeding was continued for most babies until 9 months (74.6%). By a year of age, 11.9% of babies were still partially breast-fed. The total follow-up period for infants receiving early complementary foods was 162.7 person years (n ¼ 196), and for those with late complementary foods 232.4 person years (n ¼ 262). The mean incidence of respiratory infection was significantly increased in babies with early (incidence density 1.3, 95% C.I. 1.1-1.5), versus those with late complementary feeding (0.9, 0.8-1.0), (Table 3) . There was an increased risk of malaria and eye infection in the early group, but this difference did not reach statistical significance.
Infants in the early group had lower weight for age at 3 months (P ¼ 0.02), 6 months (P ¼ 0.049) and 9 months (P ¼ 0.07) (Table 4), but early complementary feeding was associated with low length for age only at nine months (OR ¼ 1.8; 95% C.I. 1.1-3.1). Maternal illiteracy was significantly associated with early complementary feeding (OR ¼ 2.1, 95% C.I. 1.3, 3.2).
From 2 months of age the early group were approximately 200 g lighter than those in the late group, and from 6 weeks weight for age Z-scores were reduced in early complementary feeders (Figure 1 ). The reduction occurred in infants between 6 and 12 weeks. In infants older than 12 weeks, the growth difference between infants receiving early or late complementary foods did not increase further.
Discussion
Complementary feeding was defined as the time of introduction of a local porridge, phala. The 3 months age cutoff was based on the mean age of 3.4 months and median age of 2.3 months for the time of introduction of phala. This age is similar to the median age (2.5 months) of introduction of mixed feeding in other areas of southern Malawi (Vaahtera et al., 2001) . The follow-up period differed between infants in the early or later categories, the period being longer for those that received complementary foods later. As the prevalence of infection may vary with infant age, it is possible that the difference in follow-up time between the groups introduced a bias in the results. However, a lower infection rate would be expected in younger infants (i.e. those more likely to have a shorter follow-up time, and the converse was observed in the early complementary feeding category, which suggests that bias due to these differences in follow-up time was unlikely to explain the findings.
Exclusive breastfeeding, which in this study includes the possible use of water, was practised in only 13.3% of mothers 
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Complementary feeding, morbidity and growth BF Kalanda et al by 4 months and almost none at 6 months (1.5%). Although low, these percentages were still higher than in the Mangochi area of southern Malawi, where no mothers exclusively breastfed at 4 months (Vaahtera et al., 2001) . In Mangochi, fish farming is an activity in which women are much involved. Women's participation in fish farming, which involves travelling for many days could result in earlier complementary feeding than in the Shire valley, where subsistence farming is practised mainly by men and does not require travelling. Mothers perceptions of household constraints are important. For example in a Tanzanian rural pastoral population weaning and complementary feeding practices were influenced by seasonal factors, as well as maternal self-perception, assessment of infant well-being and household food supply (Sellen, 2001 ). Exclusive breastfeeding in many areas of developing countries is generally more commonly practised than in Malawi. In East Africa grain based solids were only introduced at about 11 months in pastoral populations (Sellen, 1998) . In La Paz, Bolivia, exclusive breastfeeding at 6 months was as high as 20-50% . In the published literature, no studies in African countries were identified which showed such high rates of exclusive breastfeeding at 6 months, although definitions of exclusivity of breastfeeding vary and in the present analysis includes the use of supplemental water.
Early use of complementary foods was significantly associated with an increased risk of respiratory infection, and a higher incidence of malaria morbidity and eye infection. In a study in Peru, monthly prevalence of diarrhoea and fever was significantly higher in weaned infants (Piwoz et al., 1996) . The higher morbidity incidence may be partly explained by the loss of protective immunity from reduced breast milk consumption and also to the introduction of unhygienic foods, which predispose to diarrhoea. Kramer et al. (2003) in his review of current evidence reported breastfeeding as providing greater protection for respiratory infection than for gastrointestinal infection. Similarly, in a developed country (USA), breastfeeding reduced pneumonia and gastroenteritis incidence by 32 and 15%, respectively (Wright et al., 1998) . The extent to which the duration of breastfeeding relates to reduced susceptibility to infection is less clear (Briend et al., 1988) .
Maternal illiteracy was significantly associated with earlier use of complementary foods. This finding reinforces the priority, which should be given to improving maternal understanding of infant feeding practices. Much of the information provided on breast-feeding at the time of the study was in written form, therefore, maternal illiteracy, particularly in pregnant adolescents was an important factor related to lack of knowledge. A recent Kenyan study has emphasised that improved maternal knowledge can translate into better child care practices (Kamau-Thuita et al., 2002) . In Mangochi, Malawi, Vaahtera et al. (2001) reported a positive association between maternal education and prolonged breastfeeding. In a Bolivian study, education was the only significant factor associated with knowledge about the advantages of breastfeeding , and efforts to promote breastfeeding have been found to be effective in increasing short-term exclusive breastfeeding (Sikorski et al., 2002) . The economic circumstances of many of these young mothers was poor, with some experiencing extreme poverty. In this rural situation without suitable microfinance initiatives, illiterate women are trapped in a cycle of deprivation. Education efforts on breastfeeding and weaning practices may have less than expected effects without the benefits of income generation initiatives in these poor communities. Figure 1 shows that from 6 to 8 weeks infants receiving early complementary food early were consistently lighter. As morbidity was associated with early mixed feeding, the low weight for age at 3, 6 and 9 months could be attributed to their increased morbidity risk. The possibility of reverse causation cannot be ruled out, that is was weight for age lower before the introduction of phala? This is unlikely because there was no evidence of lower Z-scores in weight for age in early infancy, that is, before 6 weeks, in infants who were subsequently received early complementary feeding (Figure 1) . In a study in Peru, infants with diarrhoea or fever illness showed a significantly greater decrease in energy intake (20-30%) from non-breast foods, although there was no decrease in the amount of breast-milk consumed (Brown et al., 1990) . The poorer growth in these Malawian infants may therefore indicate increasing morbidity risk and decreasing energy intake when ill. The proportion of low birthweight infants was similar for infants in the early or late categories. A separate analysis of growth patterns of normal and low birthweight infants in this cohort showed that low birthweight babies remained shorter and lighter during infancy than their normal birthweight counterparts (Kalanda et al., 2005) . Growth percentiles were parallel through infancy with no increased fall-off in low birthweight babies at the average age of introduction of complementary foods. This indicates that the lower Z-scores from about 8 weeks of age in infants receiving early complementary foods were not specifically occurring in low birthweight babies. Infant anaemia was a common problem especially in low birthweight babies and was associated with a high prevalence of fetal anaemia (Le Cessie et al., 2002; Brabin et al., 2004) .
This analysis of infants in rural Malawi indicates that later complementary feeding was associated with significantly lower morbidity from respiratory infection. It was also associated with a lower incidence of malaria and eye infection, and improved growth in these infants. In this area, maternal prevalence of HIV/AIDS is high at 25.6% (Verhoeff et al., 1999) . The cumulative infant HIV infection rate in breastfeeding infants has been reported to be as high as 7% per annum in Malawi (Miotti et al., 1999) . By 3 months, over 65% of breastfed infants would have received complementary feeding with phala, and over 33% would have received some other solids ( Table 2 ). The percentage increase in the rate of use of supplements in breastfeeding mothers was greatest between 10 and 12 weeks for water, phala and other solids. This frequent use of early mixed feeding has been shown to increase the risk of mother to child HIV transmission in breastfeeding mothers (Coutsoudis et al., 1999) . Although the mechanism to explain this is unclear, the possibility must be considered that contaminated fluids and foods introduced in babies receiving early mixed feeding damage the bowel and facilitate entry into the tissues of HIV in breast milk.
Conclusion
Information, education and communication (IEC) strategies are required to promote the benefits of breastfeeding particularly to illiterate women. Early complementary feeding before 3 months of age should be discouraged, and in very poor communities with high illiteracy, innovative ways will be required to optimise infant feeding practices.
